
































































6Fundamental tests characterize CMC/EBC failure modes
K. N. Lee, “Environmental Barrier 
Coatings for CMC’s”; in Ceramic Matrix 
















Characterize fatigue durability of Ceramic Matrix Composites (CMCs) 
coated with Environmental Barrier Coatings (EBCs) in steam environment 
up to 2700 °F for future turbine engine components.
APPROACH
• Initially demonstrate fatigue testing capability at 2200 and 2400 °F in 
steam environment; eventually develop fatigue testing capability up to 
2700 °F in steam.
• Perform sustained peak, low-cycle fatigue (SPLCF) tests on EBC coated 
MI SiC/SiC composite at 2200 and 2400 °F in steam environment up to 
300 hours.
• Develop fatigue testing capability in steam up to 2700°F and perform 
SPLCF testing on EBC coated CMCs with 3D fiber architectures and 
hybrid (CVI+PIP) matrices.
SIGNIFICANCE
Assessment of long-term fatigue durability of EBC coated CMCs in 
steam environment up to 2700°F will enable development of future 
aero-propulsion engines with greatly improved performance metrics.
STATUS & ACCOMPLISHMENTS
SPLCF loading at 2200ºF
• 3D hybrid CMC/EBC in steam at lasted 160 hours
• Hexoloy with EBC did not fail after 200 hours 
• 3D CMC / EBC failed at 48 hours



























9Digital Image Correlation shows how cooling holes affect 
damage progression 
Objective
Quantify the effect of holes and hole orientation on the material properties of SiC / SiC composites with 
EBC. Monitor crack evolution and compare to baseline  
Contact: Craig.E.Smith@nasa.gov
Results
• Tensile samples were tested with cooling holes 
ultrasonically drilled at 30° and 90° to the loading 
direction.
• The net-section Proportional Limit (PL) was the 
same as it was for samples without holes.
• The ultimate strength of samples with 90° holes 
was reduced by 10%, while samples with 30°
holes showed no reduction. 
• Local DIC strain accumulated near the 90° holes 
at stress well below the PL.
• Local DIC strain did not accumulate near 30°
holes until the PL.
• For EBC coated samples, local DIC strain 
indicated that near 90 holes the EBC cracked 
before the CMC.  Near 30° holes, the EBC and 
CMC cracked at the same time. 


































CMAS Studies for Advanced EBCs
BSE-SEM micrographs of (a) ytterbium disilicate (YbDS) and (b) YbDS-alumina EBC topcoats exposed to CMAS at 
1310°C for 10h revealing degradation via dissolution-precipitation mechanism 
(a) (b)
Contact: Narottam.P.Bansal@nasa.gov    or    Valerie.L.Wiesner@nasa.gov
• Investigation of EBC degradation by molten CMAS at low concentrations
– Microstructural characterization of first set of specimens exposed to 10 mg/cm2 of CMAS at 1310°C for 10h 
completed
– Heat treatment of second set of specimens with ~1-2 mg/cm2 of CMAS underway
– Preliminary results were summarized at MS&T’19 in Portland, OR (Oct 2019)
• Investigation of thermochemical interactions between CMAS and Apatite EBCs
– Thermochemical interactions between Ca2Y8(SiO4)6O2 apatite and CMAS have been  investigated at 1200 –
1500 C using XRD, SEM, TEM and EDS 
– A paper “Thermochemical interactions between CMAS and Ca2Y8(SiO4)6O2 apatite co-authored by J. Sleeper, A. 
















 The original linear‐parabolic growth equation (𝑥௢ଶ ൅ 𝐴𝑥௢ ൌ 𝐵𝑡) 
developed for uncoated silicon surfaces  is still applicable, except A is  
modified to include the effect of the top coat: Aᇱ ൌ A ൅ 2 𝛾௢௫/𝛾௖ 𝛿, 






















































































































Objective: Use additive manufacturing methods to fabricate new motor 
designs that have significantly higher power density and efficiency
• Stator designs with direct 
printing and iron cores, 
increase max temp, torque 
and motor constant
• Selective Laser Sintering of 
structural components reduce 
mass & improve cooling
Higher Temp StatorIntegrated CoolingLight Weight Motor Housing
19
NASA GRC Focus in 2020















• Advanced Air Transport Technology
• Convergent Aeronautics Solutions
• Transformational Tools and Technologies
• Revolutionary Vertical Lift Technology
